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The systemic veins are derived from cardinal veins (CVs), which apart from umbilical and vitelline vessels are one of three main elements of foetal venous system. CVs in the form of paired structures located symmetrically on both sides of embryo's body appear in 4th week of gestation. System of CVs is comprised of anterior cardinal veins (ACVs) draining cranial parts of the body and posterior cardinal veins (PCVs) providing drainage from caudal parts. ACV and PCV join together into common cardinal vein -CCV (Cuvier ducts), entering the sinus venosus of early heart eventually.
At 8th week of fetal life left brachiocephalic vein is being formed connecting the left and right ACVs. As a consequence the portion of left ACV below this connection partially obliterates forming the "ligament of Marshall" and the remaining, distal section of left ACV forms coronary sinus and oblique vein of the heart. Right ACV remains patent and together with right CCV becomes the precursor of superior vena cava system (Fasouliotis et al., 2002; Ratliff et al., 2006) .
Most of PCVs undergo atrophy and their patent remnants form renal segment of inferior vena cava (IVC) and common iliac veins. Simultaneously, subcardinal and supracardinal veins are being formed. Both subcardinal and supracardinal veins (SVs) are involved in development of IVC, also SVs give the origin to the azygos system of veins. Usually SVs develop anastomosis at the level of thoracic spine. Right SV becomes azygos vein (AV), however according to data in literature its arch may be delivered from the upper segment of the right PCV (Demos et al., 2004) . The left one below anastomosis transforms into hemiazygos vein (HV) and above the anastomosis obliterates. In some cases only the cranial section of left SV remains patent as accessory HV (Fasouliotis et al., 2002; Arslan et al., 2000) .
3. Multidetector computed tomography of thoracic vascular system-optimization of scanning protocol, imaging pitfalls, collateral circulation
Optimization of the scanning protocol and imaging pitfalls
Optimal MDCT imaging of thoracic veins may be difficult, as there is no possibility of concomitant optimal enhancement of systemic, pulmonary and cardiac veins, because of different contrast inflow rate into particular vessels, asymmetrical enhancement of right and left sides of the thorax, dependent on the side of intravenous contrast administration, as well as artifacts and collateral circulation.
MDCT assessment of thoracic venous anomalies usually occurs in two situations: a more typical one involves incidental diagnosis of venous pathology in patients diagnosed for unrelated conditions, e.g. suspected neoplasm or coronary disease. In such cases, the examination is reviewed by radiologist after the scanning is over, and modification of the protocol is not possible. In cases of the precontrast scanning, preliminary assessment is possible, and appropriate modifications can be applied, including early postcontrast scanning (23-30s) for pulmonary veins evaluations, and late phase (60-120s) for systemic veins. Furthermore, ECG-gating utilization can be considered.
Less frequent setting is an examination performed for assessment of particular venous anomaly, e.g. before ablation or resynchronization therapy, as well as confirmation of Technical features of MDCT allow for correct diagnosis of any thoracic venous pathology. Potential pitfalls are caused by limited knowledge of venous physiology and vascular anomalies and variants, focusing on arteries and pulmonary parenchyma, as well as lack of preliminary assessment of the precontrast scans. In our opinion, the most significant cause is insufficient awareness and interest in this type of pathology.
Thoracic collateral venous circulation pathways
Collateral circulation is particularly important in patients with obstruction of SVC, which may be caused by benign, malignant or iatrogenic conditions. Vertebral plexuses form two vascular rings located outside the vertebrae: anterior and posterior external vertebral plexus, as well as inner, internal vertebral plexuses located within the vertebral canal. In the cervical region, anterior external plexus anastomoses with vertebral veins, in thoracic region with posterior intercostal veins, in lumbar -lumbar veins. At the anterior aspect of sacral bone it anastomoses with median and lateral sacral veins. Posterior external plexus is best developed in the cervical region, anastomosing with occipital, vertebral and deep cervical veins. Figure 5 . Its prevalance is significantly higher when it is combined with other congenital heart defects, heterotaxy syndromes or some genetical disorders (Anagnostopoulos et al., 2009; Ho et al., 2004) .
Solitary PLSVC is less common finding with an incidence reaching 33% among the individuals with this anomaly (Fang et al., 2007) , Figure 6 . PLSVC both in unilateral or bilateral configuration reaches the right atrium through the coronary sinus typically, Figure  7 . Very seldom it is connected with the left atrium (Ardilouze et al., 2009) . In the majority of cases, when PLSVC is not associated with other congenital heart defects, it remains hemodynamically asymptomatic. However, the anomaly may predispose to cardiac arrhythmias and simultaneously, the most important clinical implications of PLSVC are difficulties in placing pacemaker or in ablation procedure (Biffi et al.,2001; Horlitz et al., 2006; Morgan et al., 2002) . Usually during this procedure the PLSVC is revealed most frequently as an incidental finding (Figure 8, Figure 9 ). 
Aneurysm of SVC
In contrary to PLSVC, aneurysms of thoracic veins including SVC are extremely rare with merely about 30 cases reported in the literature (Varma et al., 2003) . Both congenital and acquired causes of the pathology are possible. It may be fusiform or saccular and in the latter form can reach enormous size being unusual cause of mediastinal "mass" (Figure 10 ). Basing on few case reports it can induce complications, such as pulmonary embolism or be the source of intrathoracic bleeding after rupture. Saccular aneurysms are usually treated surgically (Enright & Kanne, 2010) . 
Anomalies of the Azygos Veins (AV)
Azygos lobe: The most common variant of azygos system of veins is azygos lobe. It appears in about 1% of population and its appearance is attributed to incorrect migration of proximal section of right PCV, which is considered to be precursor of azygos arch. Instead of locating over the right lung's apex it penetrates its parenchyma pulling either visceral or parietal layers of pleura. In consequence azygos fissure composed of four layers of pleura is formed. Less frequently hemiazygos lobe may develop. Since azygos and hemiazygos lobes are asymptomatic, they are usually detected incidentally on x-rays (Figure 11 ) or CT examinations (Caceres et al., 1998; Demos et al., 2004) . Azygos and hemiazygos continuation of IVC: Azygos continuation of IVC results from disturbances in development of hepatic segment of IVC leading to interruption of the vessel. The drainage of caudal parts of the body is continued through the AV, with an exception of hepatic veins which empty to the right atrium directly, usually through one, common vessel. AV becomes widened and drains to SVC through prominent azygos arch.
Hemiazygos continuation is related to left sided IVC. Usually it drains directly to AV through anastomosis at the level of thoracic spine and the blood flow is continued through AV. However, other routes are possible including direct drainage to the coexistent PLSVC or through accessory HV (Demos et al., 2004) ], furthermore, in absence of confluence of brachiocephalic veins, isolated drainage of left and right sides of the upper body may exist, with right brachiocephalic vein forming SVC, and left brachiocephalic vein opening into accessory hemiazygos vein (Figure 12) . Both anomalies may be isolated and their frequency in general population is less then 0,3%. More often they are concomitant to other cardiovascular defects appearing up to 2% of these individuals. Typically, they are related with polysplenia-heterotaxy syndrome (Bronshtein et al., 2010) , Figure 13 . Fig. 13 . Multiplanar curved line reformation of thoracic CT examination in a patient with heterotaxy-polysplenia syndrome. Arrow -PLSVC, blank arrowhead -hemiazygos vein, arrowheads -multiple spleens.
Coronary sinus anomalies and coronary veins variants
Three systems of cardiac veins should be distinguished (von Lüdinghausen, 1987) : tributaries of the coronary sinus, anterior cardiac veins and atrial cardiac veins. In morphological study of 350 dissected human hearts (von Lüdinghausen, 1987) , it was observed, that in over a half of cases, coronary sinus collects blood from cardiac veins except for anterior cardiac veins, including small cardiac vein, which drain into the right atrium independent of the coronary sinus. In 21% of cases, all veins of the cardiac ventricles open into the right atrium via coronary sinus. Ostial valve of the coronary sinus (Thebesian valve) was observed by von Lüdinghausen in 80% of specimens, and almost in half of the cases it was large. Such arrangement should be considered as a possible cause of problems with catheterization of the coronary sinus. In patients with narrowing or hypotrophy of coronary sinus ostium (Figure 14) , accessory communications of cardiac veins can be visualized. 
Pulmonary veins anomalies
As lungs are initially drained by a vascular plexus with multiple connections with cardinal veins, persistence of these connections may produce a persistent communication with systemic veins and formation of anomalous pulmonary venous return (APVR) (Moore, 1973) . Typical formation of the left atrium involves formation of four separate pulmonary veins, however, disturbed regression of primitive pulmonary vein may produce accessory pulmonary veins, Figure 17, Figure 18 . Single pulmonary veins are a rare anomaly. Rey et al. (1986) reported group of patients with anomalous unilateral single pulmonary vein, which most frequently occurred on the right side, as in presented case (Figure 19 ). Bilateral single pulmonary veins are rarely reported, e.g. by Hidvegi and Lapin (1998) .
Anomalous pulmonary venous return (APVR) may occur in the total or partial forms. Total anomalous pulmonary venous return is a more severe form of this anomaly, where all pulmonary veins drain outside of the left atrium, and are directed into right atrium via anomalous connections. TAPVR may produce severe symptoms, including cyanosis, difficulty breathing, low blood pressure and acidosis. Signs and symptoms are less severe in partial anomalous pulmonary venous return (PAPVR), which is an anomalous connection of some of pulmonary veins into systemic circulation. PAPVR constitutes for about 1-2% of congenital heart malformations. It occurs in almost all cases of sinus venosus type of ASD and about 15% of ASD II. 
